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part one what are plastics 7 


M os£ people knuW sumeUiin£ abuut plastic because These 
mnteiils are being used more and more TO make many of the 
thing;. we see Etui use. Look around in your o^n home Of i II 
[he local hardware store acid you will SCC many articles made 
from ulasrics : dishes, tableware, electric light switches, wash- 
basins, floor uivefings and curtains, and bodies and con- 
tainers of all shapes an d s^es. Ibtistics are the new materials of 
rite twentieth century; unlike wood, animal :ind vegetable 
fibres, metals and minerals, they .ire made by man. Even more 
extraordinary., they can tike the place of ill thftC conven- 
tional materials, Like ail ttcior who can play many different 
parts, they are versatile: a teacup cm now be made ofooc 
kind ot plastic instead of ohin.1 day ; even parts nt aircraft 
engines have beers made of certa in plastics instead of melills. 
in The last thirty years a great new' industry has grown np. 

Although plastics ate now commonplace, many people 
do flol know what they are- or how Eo distinguish GOrC from 
mother Often it is thought that plastics are just one material 
called 'plastic' , but rids is quite wrong. The plastics are really 
a group of mate rial s and their properties vary greatly, Some 
*s m soft and fierrible; others are hard and can be worked as if 
: hey were wood or metal Some ire especially useful because 
they resist acids and other chemicals. Some are Emportml 
because fibres can he made from them to be used in textile 
manufacturing. 

filS tics are usually sohd aL ordinary Lemperalures, buL U,E 
:'Vrc stage in their mamifr.au re are made capable of being 
easily shaped, or plastic, This is the origin of the name 
'plastics*. The shaping of plastics materials into useful articles 
■ usually done by applying heat, or pressure, or both 

The characteristic properties of all plastics arise from the 
great size of their molecules, The molecules of plastics are 
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very much, larger iha.ii the molecules of urdinary chemical 
sjb« -luces. The molecules nt' water, for ctamplc, arc formed 
of 3 atoms, rliosc of sulphuric acid 7 alums; and even those 
of ordinary sugar isucrosc), which has the chemical formula 
t!,.!-[ j: On, co-main only 45 atoms. The molecules of plastks, 
by contras tj arc made up of about 1,000 to 10t>,CXi0 aunna - 
a quite different scale of molecular sine. 
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Plastics arc made by man. A few are made by muiiiying 
natural substances, such as cellulose, which already have 
large rttoJecidea. Most of Lhem are made by Lbe ctiemicat 
process of building up die large molecules from simple 
chemical substances. With a few exceptions, plastics are com- 
pounds of the element carbon combined with one or more of 
five other elements: hydrogen, oxygen, n itrngen , chlorine, 
and fluorine. 

The yroup of substances with very large molecules ro 
which plastics belong arc Willed polymers. The word polymer 
derives from two tj reck words- meaning many units, and is- 
an apt description of the large molecules which arc formed hy 
the linking together of smaller, often identical, molecular 
units. There are many different types of polymers. Seme 
occur io nature -Tor example, proLeins. starch, wool, silk, 
L-uttun (ceUuluse), and rubher. Others nit mast-made, and, as 
well os the plasties, include synthetic fibres and ■synthetic 
rubbers. To understand plastics we ojust ta^C S close look 3 t 
die chemistry of polymers,. 
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part two how polymers are made 



The polymer chemist applies his knowledge of the rearrange- 
mestC Of atoms and the breaking down and building lip of 
molecules to the study of very hirge molecules called macro- 
molecules. How is it possible to make these very large 
molecules artificially i 1 

Some polytoets result from The complex chemical processes 
which Tttke place within the animal body of the living plant. 
Only a few of these natural polymers can be converted into 
plastics But it WHS from the study of natural polymers such 
as rubber that the ctita originated of making large molecutcs 
by L Liliana small ones together. 

I n she plastics industry, there are two thief mclhods O'' 
making large molecules. The object 3S TO USC a chemical re- 
action. called polymerization, to make a large number of 
small molecules, called the mGncmzr, link together to form a 
large One Tie.' processes fot Polythene and nylon exemplify 
respectively the twn ilitTerenL methods* 

Polyethylene, or simply Polythene, is a white waxy solid 
obtained by polymerizing ethylene gas (CJlj. This giiS is 
one u-fLhe simplest hydrucatbofis and is present irt The products 
obtained from the cracking of petroleum l>.ee the Background 
Book, Petroleum). 

When lieu tod at L00-300 ; 'C under pressures. of several 
thousand atniCispheres, the molecules of ethylene gas join to 
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form long-chain molecules. As in many polymerization n. 1 - 
acrionSi the. pr csenee of a smal I amount of eatulyst makes the 
reaction very much fustier. 

The chemist represents the polymerization of ethylene as 
above, Abaut 1,000 ur even 10,000 molecules may Link to 
gether [O form 3 long-chain molecule. 

T he idea that very lung molecules could result from the 
chemical linking of many identical small molecules, a process 
described as addition pahmerizadoTi, WHS fLtSI suggested by 
the German chemist Hermann Srsudingcr, for many year; 
professor of chemistry in the University of Freiburg, Hd began 
his work on large molecules about 1922 a ud was the first Lu 
use the term ' inacromolecuIcR 1 . He was the founder of polymer 
chemistry. 

Many of the most important industrial pSaStics -for 
example, FVC and Perspex, ss weEI fts Polythene - arc made 
from simple chemical substances hy addition polymerization, 
t he simple substances that can polymerize in Tllis way have 
one property in common; there is. a double-bond between 
two earbqn atoms 5 these are called Krasin titrated ?n ulvCvht- 1 h is 
then is the first method of making large molecules... 

In the second method small molecules that have a mutually 
reactive group at «ds end are linked together, ns. in the reac- 
tion to i making nylon. This was- discovered by the American 
chemist W, II. Carolhers., another famuuS pioneer of polymer 
chemistry. His. method depended oo the reaction of organic 
bases (amines ) with organic octds. Amines contain the reactive 
.inline group NHj, and organic octds contain the reactive 
carboxyl group COO I-l. When a mixLurO uf an amine and 
an organic add is heated, the rwo groups reacr: water is split 
off and amine and acid combine to foim a larger molecule 
called an amide. 


The key to CaroihfiJfS 3 S discovery was that he used read anti 
cacti of which contained two resedve group* - a diattl i uc and 
a dice rbaxy lit acid. These can be represented by the general 
formulae; 

H.K R MU HOt>C H‘ CCHJH 

riiu rfai Hlnch+irf liu arid 

where R and R' are shorthand symbols Ebr the hydrocarbon 
part of the m&lccule between rhe reactive groups. 

When a mixture of these two reacianLs is heated, they com- 
bine in the normal way, as follows; 

K,N F: KB, + HCJOC K UOOLI * 1 t.N H MH flC V COOK ■ H.O 

The inrcresring point here is that Lhe product ‘.rill contains 
two reactive groups - an amino group ar one end and a car 
bosyl group at the other, Thus the first product can react 
further - with mote acid at une end and With more amine at 
die other. When this happens, the product still has reactive 
groups- at each end and can therefore Continue reacting. ' E he 
reaction goes Oil and on. The Chain formed gets longer and 
longer. Eventually a very extended long -chain molecule 
results., called: in libs example, a polyamide. It con tarns a 
](; r gc: number of The chemical units — I IN R Nil CO R' CO — 
all joined end Lo end. 

Ordinarily nylon is ihe polyamide made by starting wbh 
hexameLhylcnc diamine (H f N(CH,i,NHJ and. adipic acid 
(H O ocrc H i) + OO O H), It is often called nylon 66, which is a 
short way of showing that die di - iliac and The diacid used to 
make it each contain six carbon atoms in the molecules. 
Nylon 66 was rhe most important of several potyami des di:, ■ 
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covered by CarnlherS during tu> researches which begun in 
1923. He died nine years latter at the age of forty -one, but not 
before it was ;-ccn that nylon was a commercial success. As a 
yam for my. king s-tocfdngs tt entered the American market in 
L94Q, Shortly afterwards, because of its toughness, nylon also 
began Lo be used, by file p fasti cs industry. 

The reaction of two molecules To give a larger molecule . 
with the splitting off of a small molecule (usually Miter Jy Is 
called a arrutensaiiflH reaction. 'The use of Lhis kind of reaction 
to build up polymers (as iu the nylon process) is referred to ai 
polyumd <m rat km . A number of plastics and synthetic fibres ate 
made i n this way. Starting, for example, with ethane- 1 ,2-dni3, 

■ aEsu know u tis ethylene glycol , used by the mutcuis l as an u nti- 
frecse agent for his radiator) and terephthaLic acid, chc poly- 
mar obtained ts a polyester called polyethylene tore pbtllJi late 
-better known by its commercial name, Terylcne, 

As you can see frenn Lhe above equations the large T etylfflM 
molecules arc built, tip in a way similar Lo the nylon molecules 
- although here carboxyl groups are reacting with hydroxy l 
groups ( - OH) instead nf" amines. 

Tetylenc was discovered in Britain in I ?4i by WbiofieM 
and Dickson and is now produced on a very large scale, chiefly 
for U*c or a fibre. 

This distinction between a fibre and a plastic may be con- 
fusing, Many synthetic fibres. - for example, nylon. Tens lane, 
and Orton - are made from plashes, but are specially pro- 
cessed to form ill reads. from the threads fabrics ate made 
which have many of the properties of the polymer and also 
properties due to iheir fibre structure such (ts strength, 
rciijrar.ee to creases, or the ability to dry quickly. 
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part three the structure of polymers 


Wc have pictured polymer mofoculcs as being made up of 
very long ehasns of simple chemical uni la, usually 1,000 or 
more ofttaem bt an actual sample. It' we could rate a phoEo- 
graph of rhe pnjymcr, rhe picture michl look like a tangled 
ball of many long separate pieces of string, I "o £ce a mnre 
realisric picnire we would have to use a motion Lament, be- 
cause tbu molecules of a polymer, like all cbemioa! molecules, 
are in a State of morion. The mnlecuLar chains possess kinetic 
energy, ami are vibrating and routing and sliding over one 
imocher, rather like a ior of line eels in a bucket. 


In polymers the molecular movement tends to be hindered 
by the entanglement of the Inng chains with one another. Em 
there iv also another restraining influence, on the movement 
of the molecules, from the intcrmolecular attractive forces.. 
These forces arc much weaker than the chemical forces which 
bind atoms together to form molecules, ami They arc really 
effective only when rhe molecules are very close together. Foi 
example, it is because of these cohesive forces between mole- 
cules that, under appropriate conditions, gases condense ra 
liquids anti liquids change Eo vnEids. Thu existence of inter- 
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molecular ftrttts of Attraction in long-chain molecules a ode 
of ihe important factors that influence the properties af 
polymer materials. 

Thermoplastics- When a polymer like lYilyrhenc ts heated , 
the molecules gain energy anil move atom more vigorously. 
The chains therefore become further separated and 1 hr intcr- 
mnlccubr attractive force? arc weakened. As a result the 
Polythene becomes softer and more flexible, and on furrber 
heating tLltnv into Viscous liquid- When the Polythene is 
conlcd, the molecular chains come dose together again and 
attract One another more. 1 he material sohdslics and becomes 
stronger ind stiffer. 

With polymers like Polythene made up oflong-diain mole- 
cules, the process Of softening on healing and hardening ml 
coaling can be repeated almost indefinitely (provided rhar the 
polymer is not heated so strongly that it decomposes). 
Plastics which have this property are known as themoptaitia. 
Other examples of thermoplastics are PVC and. nylon. 
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internal make-up of Polythene and of other long-chain poly- 
mers shows that the arrangement of the molecules is out 
always completely disordered and random . It is found Thar an 
some samples Of Puly thene, for example, several chains or 
parts of chains rend m run parallel to one another for all or 
part i cf their length, giving a more orderly or closely packed 
assembly. These regions of orderly alignment of Lhe chains 
are described as being crystalline, in contrast to rhe regions of 
disorder which are Killed amorphous. In Lhe crystalline regions 
Lhe attractive forces between rhe molecules arc greater be- 
cause the chains lie closer together over a longer distance. 
Therefore the molecules cannot move as freely over (me an- 
other and the mechanical strength of the material is greuLer. 

The degree of orderliness in the molecular ^rruerure of 
polymers provides a basis for their broad classification into the 
three main groups - rubbers, fibre-forming polymers, and 
amorphous resins. When the intermoleruJar forces are weak 
rhe polymers Tend to be completely amorphous and the mole- 
cular chains slide easily over one another, Such polymers are 
soft, flexible, and easily stretched; they arc classified as 
rubbers. Rohmers in which die forces are strong have a high 
degree of crystallinity and art particularly suitable tot n uking 
fibres. Thermoplastics come somewhere in between, and 
many of them are partly amorphous and partly crys talli ne. 

tire distinction between the three, groups is nuL a hard and 
fast one. Whether nylon ts called a fitue or a plastic depends 
on wtlST it IS used fur. Sometimes, the degree of crystallinity 
of a polymer can he partially controlled, and in this way the 
ma teri ill can be made specially suitable for a parti cular use. 
Became a knowledge of .molecular structure helps to ex- 
plain the properties of polymers, the study ot rhis subfocr is 
of great importance to the industries making rubbers, fibres, 
and plastics. Many techniques are now available ior increasing 
this knowledge. Such as X-ray spectroscopy, electron micro- 
scopy, light-scattering, and measurements of viscosities of 
polymer solution?.. 

ThcrmoKU iri r plastics - Some plastics behave quire d itfereruly 
from the thermoplastics when rhey are heated. A good example 
is- the material commonly known as Rakehte. ‘|*his ts rcall y a 
trade native fin a type of plastic made by the chemical Con- 
densation of phenol (CjH a OH) and formaldehyde (HflMO). 
It was by causing these two chemicals tu react together that the 
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fij-it fully $yjn,rhetic plastics were made over ritiy years agu by 
The Belgian chemist Uo Haekcland. Hie Word BaMlite is 
derived 1 ! ona his name . Similar prod uCTS with l! Efferent trade 
names are now made by many firms in the plaalfcs iildustty. 

When ;!. large num her of molecules of phenol and form- 
aldehyde are treated together under fire ngbt condition a, with 
a suitable t- aml ysi, They undergo a condensation reaction ro 
form polymeric chains similar to those i;i fhcrmnpinsrics. 

The product is separated as a hmwniah powder wlUGh, 
when mbied with other ingredients, is known as PS 1 " moulding 
powder , PF being the i nilLii l IcTrcrs of phenol formaldehyde. 

( Several plastics are commonly known by Lhcir izlhinl letters.; 
PF powder is used to make shaped articles hy putting it into 
a moulding preys and subjecting Lt tn further heal mid pressure 
for a shun time; the powder is changed TO a hard glossy solid 
Which takes up the shape of The mould. Unlike thermoplastic 
materials the FF plastic cannot be Softened again hy heating, 
bur remains a hard infusible solid. Plastics like this, which 
can be softened only onpe during the moulding process, are 
sai.ll eo be Thermo-setting. 

The reason why pfcisrics of this kind 'se-t 3 and hecomc hard 
when heated is because chemical links arc formed between 
the polymer chains at various points along their length. This 
process, known as crosi-linking, firmly binds rhe chains to une 
snnther throughout the' mass of The material. The result is- 
LhaL instead of an assembly nf separate long chains., the poly- 
mer consists of a three-dimensional network m which each 
original chain molecule Es chemically linked with, nil the 
others. The whole mas* of the polymer is, tn effect, one 
enormous molecule. We could almost Thmk nf the casing of 
One of I he older type of relephnne receive us, which were made 
nf a IT 7 plastic, as a single visible giant molecule. 
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Mirny or.] it: i binds of tlkermosecting pla^ric?. are now pro- 
duced by the industry. Some of the more common ones ate 
made, like FF, by condensing; foamdilehyde with another 
chem ical . '["mn plastics of this type a re urea-form a Idehvdc and 
m e 1 am ine - fu rmaMehydc, They have the advantage over the 
pb ervo I -fo rm a kl chyde materials of being ILg.Lrr in colour. They 
can therefore be pigmented lo give decorative pasrd shades 
for such things as tableware, electric fittings and radio 
cabinets. 


Mdeaila r marttputaiiiM - In the entity days of polymer 
chemistry people tried to find ways in which molecules, could 
be made to Link lope the r. Their work ted to the two main 
methods already described - addition polymerization and 
condcnsarion polymerization. The properties of the resultant 
polymers were then examined io see whether the polymers 
might be useful, h'owadays, this biE-and-mis? approach has 
been largely superseded. In a methodical process the mono- 
mer* ate cbnscn beforehand to give the polymers the kind of 
properties, strength, density, softening point etc, ths£ are 
wanted- This new confidence b one of the most exciting 
developments in present-day chemistry. Its success depend? 
On an understanding of sltuCture. 

iVloiccuks which undergo addition reactions have the 
general rormula; 


The molecules polymerize m give the fbllgwing kind of 
structure' 



The carbon chain — -C— G—C — -C — is enmmon to all 
addition polymers. !r is the atoms (Or groups) a, b, x, and y 
which distinguish the addition polymers, and which confer 
their different properties OU [hem. If a, b, x, and y arc hydro- 
gen atoms, the polymer is Polythene 


H H H 11 

444X- 

Uil 


If a, b, and x arc hydrogen atoms and y is a chlorine atom. The 
polymer ps FVC 


If a, b, and x ate hydrogen atoms and y is a benzene ring, the 
polymer is polystyrene 




If a, b, X : and y are fluorine atoms, the polvmer is polytetra- 
fluorocthytene 

r F F p 


lly carefully selecting a, b, X, and y, the chemist can make a 
polymer with the kind of properties that he warns , 

Many molecules which will undergo polycondcnsarion 
reactions have the general formula HO — A — OH and 
H-B— H or, oceusionaliyj H— A — OH in which case the 
substance will polymerize with itself. 

The molecules polymerize to give the following kind of 
structure: 

— A — R — fi — it— j -l H„tJ| 

Here it is die groups A and ft in, ihfi chain, (as Well as any 
attachments to these groups) which distinguish the conden- 
saltan polymers and which confer their different proneraes 
on them. 

If A and fl are the condensation products of bexamcthylenc 
diamine and adipic acid, the polymer is nylon 
— unKim.uxH— ■ ■oaEaa 1 i l oo— 


—EM— c**® 
I I 


A b 

I f A and B are the condensation products of [trephlJiaiic acid 
and c-thanc-l ,2-diol, the polymer is Terylcne 



If A 3ttld B are the Condensation products of phenol and 
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% carefully Peering A and B, Lhe chemise can mate a polymer 
with the kind of properties that he wants. He can vary the 
ptopcni.es in the following ways r 

By canfrulling the length, of the polymer chains and there- 
fore Che softening point of Lhe polymer. 

By untangling rhe twisted molecular chains and bringing 
than tarn a Slate of alignment (usually by stretching Lhe 
polymer) and thereby increasing the Inter molecular forces, 
Ttiii process is especially important in the production of 
fibres. 

By using special catalysts {developed by Professor Ziegler 
in (Jf i many) to control lhe positions of the side groups in the 
polymer chains and so produce much closer packing of the 
polymer (Molecules. 

By controlling the Endocular wciglil the softening point of 
<1 polymer can be varied. The cnnlccLiles of a simple substance 
-ire nil equal in sice and they ail have the same molecular 
weight, for example, the molecules of water all have a niolc- 
cular weight uf IS and Lbe molecules of cane sugar ail have a 
molecular weight of' 342. But in .1 long-chain polymer, 
although Lhe molecules all have the same basic structure , they 
-ire not all of exactly die fame kngLb, During polymerization, 
chains of varying Eengrhs are produced, so that it is necessary 
TO Speak of die ‘average 1 molecular weight, of the sample of 
polymer material. The average moleculai weight usually 
depends on Lhe conditions during polymerization. The higher 
rhe average molecular weight, the higher the softening point 
of the polymer. 

In wlimr follows, several different plastics are listed and 
their various properties are described. These plastics be- 
tween them illustrate some of the ways in which the modem 
chemist is able ro manipulate molecules, 
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PVC 


part four 

some common uses 


Plasties, «ri vie have seen, are a jpoxp of substances which can 
be easily moulded h\ applying heat and pteitare. This is zchy 
liny »n such v si smile materials far die mass product iatt of 
shaped article* .•/ many kind*. As iatU err their useful 
mechanical properties - strengths toughness, flexibility atci so 
•■'H - pteftiet fume Ittany Other valuable characteristics. Many 
plastics an very resistant to chcmtiaS attack fr|f ntnuttpheric 
ostfigm ■ fcn fiirrosivc liquids. There are other plastics which 
have excellent electrical properties and shm un: tridcly used 
ifj f hi • electrical industry as insulating materials. Some ora 
their usefulness m the xr transparency and optical clarity. 


n 



Toly vtyl vhh'iidr - One nt chc untsi vcpstfEc md ehenp 
phi.vLk* eh 1 : '\ Ik nr polyvinyl chhiridc. ll t>, made end us trial] y 
fd very tiiige amounts, aod for a wide variety of applications-v 
1 hertsiL.il hf H is (he chief member of I he vinyl En- i up .if 
pl.iSricSi whifih jikso called because they lire miuk by jnsly- 
merintig monomer $ contai n I ng the vinyl group CH , - CH — i 
for ciampfc, vinyl Chloride- (CLL Cl IQ arid vin \ 1 adcLuUJ 
(CH.--. CHCt.KX'H,J r 

PVC is Fir-.L Mbtaincd a?, ,s fine white powder which con he 
processed R) give products ranpinp; l:t>m sol’: rubbery 
uuteri-iJ^ to hard rigid sheet. Bethre i , c(K.v*isj»iig r hi-- PVi eh 
maXi'd wilt) .1 ana! ! amount of it mbituncc railed .1 heat 
Ltat’diser; this wdutei the tendency of rhe polymer to dc- 

iJijiisju.ki'j if it i- Overheated during the processing upcTSDOtr-. 

impending on wh ir rhe PVC is 10 lie used for, other in- 
^ IVsliuttEN are mixed in with it. and this Mage 1 n’the procuring 
1. which requires some heating,) is caEled comfnmnsling. Fur 
cslimpLe, to make l he I'Vt . il p -r.- Ik'Jiihle arul rubbery, a soh- 
titaJlee Culled a pltvitid/er i\ mixed with it. Plusticizerx are 
Estxilly high-boding liquids with m jlecnits which uo susatl 
rorttpared with those of rhe polymer, S Luc nrrsall molecules 
can go it) between the polymer mulveute-. finis the polymer 
chains are pushed apart, they slide ninjv easily nvci one 
inorhor, and ilt£ maFeeld Incomes after. Other ingredients 
on be added 11 1 lie L'lnupunndutg utii^ldr example idgrtiv 11 k 
if ll e 1.1 3 .Jure J product it wanted. 

A targe amount of PVC ts used In I he wfit p 3 a !j.j:ki,.I hum 
■as an insulating covering liw electric cable and wiring. Soil 
pyc is glut) used to make ilejttble sheci or idm by sqaiccring 
h through ratters, in 2 culled ii calender. Flattie 

mnekioiofliitf. arr uslulUj made uf PVC dice:. 

W'ltcn Eidsai odd With liirgff jmipmThms of pl-rtlkvc!. 






P VC car ! ■ made in cliw fof ■ , mi' j pasts wheh ■. m be spread 
nn cZn! Ii , Atw rlieai in", the pt isijc coating becomes i migh and 
Ik'icibL. anil the resulting fabric holts like fasihrfr. This iftbtk. 

! • m: 3ernJn. il, lofli. : . ofii n i is* I [t? cover mofoi car scats 

ml cumiturc am! m nu.- 1 .; hand bags and suitcase covering}-, 
17 k: iv art; manj ijnportaoc uses >-i I 1 VC in its hard, un- 
piastirized Form. Et is used eo moke kinp-playinp granicrphDDi: 
r. ifect$ lighting Jirtings, rcFrigprdftor iioioitk, and many other 
things. AL .m rigid PVC shcei is being increasingly ussd in rhe 
building iildimry [. l TOOfEngj pipes, and guttering,. 
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Polymethyl Methacrylate 
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Acryh'a.- Aajtm ] 

La die facm Wm. toUtopwcntihcct commonly' 

1 1 jtlc tumcj; rcr.pcs. There pfre sevnauJiyp^ of aery 
!!■.:»,, which iMrr iii jhilr phj&icittJ &tjn UEiil llBVe.s 
" They arc entted anyfe. jjccamc :li-- monomer 
nii« dacm it * JcrJi uUve 'of scryllc sdil. Thh mummer* 
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PciSymeThyt meiiuicryliite an iltft.be mmilJed in nn 
iceiioB iiiM^i riii^c; in ilis tuna' of 
polymer i| ‘fed ar; a irinwdar mtb f*w machine The tFjepr 

phi riser 'into 0 rebuild abac ft |md hnrjcse. T-dt thin 
sppUitutiiitu the pplytart ttmdtt by tire Ftrtpai . pirbcttjtfh not 
lUHahii" bcbuli'K the nVoTccuhr wtsKt h toci iitith. Ti> tiiufcr- 
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Polystyrene 
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Fofytfvrettr - Polystyrene is ;inoiiiei muth-uscd plastic 
material. and in terms of world prnducrinn it is now about 
rbe third most impcraai. Ir is one of the cheapest p Easts cs 
because it is made from cheap raw materials- Ira industrial 
development, since it was studied by Stuudi&ger about forty 
years ago, has taken place mainly in Germany and in America, 
If bcilifine is reacted with ethylene and the product (ethyl 
benzene) is reduced, a iLquJd coiled styrene remits which is 
as clear as water. This monnmer can he polymerized to give 
jicmi-TiattsparctlT polystyrene granules from which rigid 
Lraus parent articles cart be prod need 
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Articles made from polystyrene ^re fairly easily recognized 
by The rinVliae; metafile sound Lbcy make when they arc 
tapped or dropped nn to a hard surface. Polystyrene is used 
mainly ibl taking packaging materials, refrigerator parts, 
electrical components, and numerous types of household 
goods such mi egg tups, dishes, and Lhc backs of h rushes. 

A diiadvjro rage of polystyrene is tiiat it is very brittle How- 
ever, it can be toughened by mirirt.r life styrene monomer 
with othej monomers, Emd polymerizing the mixture to pve 
what are called These are polymer* which am- 

mill more than one Chemical unit in the polymer chain, End 
co-polymerization ts yet another of the ways by which the 
chemist can modify the chemical -structure of polymers to 
alter their properties. In the vinyl group of plastics, several 
co polymers nf vinyl chloride arc made industrially. The 
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Jnost common co-polymers of triyienc lire those with buta- 
diene, I'hcv form thfi. basis of the most common synthetic 
rubber known as Slift (styrene butadiene rubber!. Another 
form of polystyrene with which you are probably familiar rs 
cap toiled pofyjoyjcnc, Tine honeycomb structure uF this 
materaiil is filled with a pa* and ail gases nrc very gcod hear 
insulators. Thus expanded polystyrene is ei-tenstvely used in 
[be building trade, to keep bouses warm aid EO keep fO- 
frigerarcii stores cold. It also make-, a regibenr packaging 
material, Von may use ft in Eh* chemistry classroom for 
construed at;; molecular models. 



Polythene 


7 f jvtilfti'Kc- 1 hewni rated hydroearb 'its win, rsne ctmihlc 
hnm! in ihe mudecute arc called iiEkcise.w or, in use ihcir old 
chemical name, oleiifiv. Frtim 5 hem, by addition polvmttKH- 
rion. it IS pr^stble 10 L! l ' [ pnlyslkenex, I'wo pilvaEkene* arc 
nmvadav- tsL industrial importance, poll dhylttif and p6iy- 
p ropy kmc 

PtifoihrHc (palytthyitm) I The polymt'muncm of ethylene gas 
in pile .1 waxy snli. i fiilvmcr has already been described. I'hc 
discovery nf polyethylene in IV3 ? ss is an accident. Il happened 
in the Wilmington latnetaiories of UJ.l during a research 
pi-. i ana rn me to study the effect of very liiph pressures i>n 
chemical Teattiuna, hi one of these unpefimnits involving 
ethylene, a small amount "fun unusual white solid was ub- 
I aimed w- hi eh proved to he polyel hyhme II was found Id have 
intcroting prupRrTks, It wit- resintaru lo chemicals, mold be 
moulded hy heat and pressure and was a very pond electrical 
inculmnt Hj ivb* Pulythan* 1 :r it came m he calk'd i u i- 
made on a commercial scale as ait insularor tor submarine 
cable- which is * nil une of its must usctiil applications . 

During rlu- Second World War, aii the Polythene made 
was used tor military purposes Radar equipment owed it 
dvi t loptnem in tin Diet J h.n Polythene was iu--i Lhc right kind 
of material to solve the problems of electrical insulation. Vl'ler 
the War matte p| her indmlnnl and domestic applications 
were 1 oiiriiil tor tins iisclnl plastic* inmcri ii Prnducrkin went 
up at a rapid rate and with u world -wide annual production 

uf overtwn million torts, it h. probshly the common eft phstics 
material. 

Polythene k dm finally made in the limn of smull chip's 
which can he led into various types of nfthiMs to make such 
shaped article a*, howis, hue cels, watering -ins. and bottle- 
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snappers . Polythene cun nJiso be converted fctiit' ■ :i flcxiNc film 
which is- luugh and wai«‘i fmkii'. Thi- liJm. which is ustsd for 
trapping foods ru Ik and other product!!, is the biggest Mngk 
application of rdytllfine. [nenJHMllg flmiwh- arc also being 
used fur making scfucej'e bottles and coMaLBfM* of n i-Uiy .kinds 
and in the manufacture id' piping, Polythene pipes have .i 
great nlvanUge owr metal pipes because they can be wdded 
quickly and do not burst in f rusty weather. 

In 1^53 Professor £ieglci- working on polymerization 
problem* in ficmtwiy, discovered thui ethylene could he poly- 
merized al atmospheric pressure by using special organo- 
metallic candyn* i’see photographs on page II). The solid 
Polythene made in thi-v way is very imil-u H) rht l made by 
due high pressure puweM, but iL k more crystalline, has a 
more cloudy packed chum structure and h therefore more 
dense. This new ti niateriid k known as ‘low pressure" or 
■high density' Polythene. Unlike high pressure Polythene, tt 
does nni soften ai the Lem| i.iUin' ol lr .ling warm and is 
especially us-Jlbl fbi making articles that need sterilizing 





Nylon 


h'vlti/r - [ n f.m U, the polyamide nylon iTO wife veil :.sk. an 
example iij' i j siilyniLT made by ihu method of prrlyconden- 
«ninn. Actually :i number of dilleren! polyamide*. arc new 
m , h i- ctunmer dally foe use as fibres an-. I ns plastics, and she 
term ' nylon" h> uses! asa general mime for all these materials, 
III- % uru uisrmgui'hcd by number?, which -,[.1111.: Im the 
irumbci ii-l l.iiIstv ituurm ui the diamine and diaeid uniLS 
from which thu polymers arc huilt up. 

E 1 ■ 1 plftStics purposes, UVu main lypus of nylnn arumadi' in 
this country. One is nylon fifr, '["lie olfici if; nylon filO (six- 
ten) wl fell is madu from hraarnethylunc diamine "‘1 carbun 
atoms; and suhaetc acid ilO Ultbon, atoms:. Another type of 
nylon, developed mainly in ticrmany, 15 known as nylon fi. 
I'hts is made by a ptriy condensation pro curs- in which an 
amino-add 2S condensed with iisd! I; is possible m ^^cs Ihrs 
because an amino -acid has Li diilerenl reactive pro up at each 
end of thu molecule - an amino group nit one end and a car- 
boxyl group fit Itw Other. Thu amino-add from which nylon 6 
2 1 - made is aminiKuproic add FT-.N HI .COOK . These 
three nylon* arc 1 In. most important tines m the plasrie- in- 
dustry. Orhet nylon compositions are made by blending to- 


gether rhe standard nilotlS, so [bat il is pussihlf 1st get nylon 
products with a varied range ut properties. 

Nylnn dft, the original member of the group, is n tough 
1. :i\y solid with a high mechanical strength, It ls a very useful 
material foe the mjMiuliicnnv of lightweight gv-it wheels and 
Other machine components. J: is also used m make curtain 
tlisCs anti l imners, which arc durable, nun-rusting, and do itM 
need m he lubricated. 

I11 The form of fi intents much thicker than I lie very fine 
threads used jo make stockings nylon is. woven into cord and 
ropes which arc very strong, durable, .iiuJ l:rhr, Nylon fila- 
ments ■ usually nylon Min u\ also used fur making bristles 
fin many kinds nl brushes 
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Other plastics 


Other plastics - Although the Li-f=,t above mentions most of die 
commonest plastics, Lhese are many others of importance. 
One of thee is polytetrafluorocthylcne (TTFfi) which is simi- 
lar to Polythene cscepL that it has fluorine atoms in place of 
hydrogen, Because of its extreme inertness, it Will resist the 
attack of the most corrosive adds. An other is polyurethane 
which is produced as a foam - either a rigid foam, which is 
used for heat insulation* or a flexible foam, which re used for 
cushioning. Oibers ate die themio&eitiiig resins which, apart 
from their CKtensive use in painty form the basis of the 
modem adhesives which are supplied as a tube of resin and a 
mhe of CTO?S -linking agenr, Every few yen n> more new pi attics 
Come into prominence md nowadays, with a much greater 
insight into the mm ic of polymers, the chemist cart go about 
his work of creating new plasrics much more methodicaJJy. 
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part five the plastics industry 


The making of plastics material;; and LheLt conversion into 
iinkjicii products and usable articles is the work of the plastics 
industry, The industry is composed Ol" many differ; Fir kinds 
of companies, Those liiaL make the poEymers arc called manu- 
facturers of plastics raw material ami They are essentially pan 
of The chemical industry. There arc also a Large number of 
fabricators m convenors who change [he raw miLenais into 
finished products- by moulding. extruding, and a variety of 
other processes, The makers of the special plant and equip- 
ment used in these processes nre also regarded as pari of tie 
plastics iu<l UStry . The industry as a whole is.. therefore, a very 
cumpJex one and overlaps the chemical and engineering 
industries. 

Making the rut;' jmfisrwk - i be cai tying out of polymerization 
rear lions un an industrial scale, which is the ieb of the manu- 
fact 1 1 rers of piastre raw materials, is a much more complicated 
business than making small amounts of polymer in the 
laboratory. Since the properties of plastics depend very much 
on their chemical structure, plastics materials must he made 
of a coos tout and reproducible composition. 

Industrial polymeric lion processes require a great variety 
of plain arid equipment. For example, the making of Poly- 
thene by the original process has to be done in print able to 
withstand very high pressures of 1,000 atmospheres or more. 
In a pvc print, the vinyl chloride monomer is polymerized 
in pressure vessels, called auECiclaves. in which rhje volatile 
monomer, mined with water, has to be stirred continually 
during the reaction. In the manufacture of cicnr acrylic sheet, 
the liquid monomer. Containing a small amount of catalyst, is 
run into gtass moulds at ordinary pressure and polymerized 
by healing the moulds in large ovens under carefully con- 


trolled Conditions . These few examples of the kind of plant 
used in making plastics show That this section of the i ndustry 
involves not only chemical processing on a large scale hut also 
much engineering and leclmological skill, 

Many manufacturers of plastics raw materials in this 
country and abroad belong to large chemical companies. 
These companies also make many of the monomers and 
organic chemicals which are used to make polymers and 
which arc derived very hugely from the cracking of petroleum 
(see the Background Book, Petroleum). 

Mainrtg thr finished gvtxh - The products Of the plastics raw 
materials manufacturers arc sent to the fabricators in 3 variety 
of forms. They may be powders, small chips or granules, and 
occasionally viscous liquids. Some plastics material are made 
in such semi-finished forms as sheet, Rim, tod, or tubing. 
Many different processes of plastics technology ate used by 
the fabricating and converting section of the industry to 
Change these materials into usihie products. 

The usual way of making shaped articles from plasties is in 
some form tif heated mould under pressure. The cummunest 
types of moulding processes ate compression moulding, 
injection moulding, blow moulding, and vacuum forming. 
Plus Til's can also be extruded through shaped holes tu produce 
such equipment os piping- Some of these processes arc shown 
in the illustrations, The machinery required may cost 
several thousands of pounds, and the plastics materials, 

compared, fur example, with wnod, arc expensive. But su 

efficient arc the machines at turning out precisely shaped 
articles at a very quick rate that articles made from plastics 
or e usually cheaper io buy than similar articles made from 
other materials. 
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a limrijKiDn - □m ^ jl nsaO 
tfl8rniDplixail& is i±J .rila fl 
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a I MVuh " A screw, U pon 
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’hriiUgh ;■ horn '/.-homc gh^pe 
detWmlPM Dfir? RBUlieri ! 6hspe 
0 s1 lh9 Inu'Hial. Here .s, hning 
blejwn intoth-ti encriKF-SM 
m^KT-Hi ro wnducfl tubule- Urn 
'he ptarbi-qref'h on 1 H n njigg o' 1 


IT-. Crr-r | r.n v n\ |I»G*VB plpma 
tfling e^Tiudtd. 

Shift CbmnfcK CcfPp*fT} 



29 





Another way of using plastics material'- is in die manu- 
facture of what are called reinforced plastics, These are pro- 
(tsECtu pf high slrengtii made by impregnating such materials 
as paper, wood, cloth or glass fibre v itb plastics, and bonding 
them together by bent and pressure into one sulid Structure, 
In laminated pktttkt* for example, the bonded material is in 
die form of layers of paper, doth, or some other fabric, iUld 
the bonding material is commonly a phenol ■formaldehyde or 
U rca -to im a E d ehy do polymer. Laminated plastics are used to 
mate partitions and panels for the butEdine industry, dec- 
E rical pan els and components, cubic-tops, and other forms of 
decorative coverings. M a n y plastics can he made into li n ished 
articles using methods similar to llio&C for wood and metal- 
working. 

The growth of the plastict rruiutitv - 'I h e plastics industry is 
now regarded as one of the basic industries iLl the ccnnomy 
of any industrial country . Its products arc needed by piacric- 
slEy every other industry. 

One of the most Striking tilings about rhe plastics industry 
has been is rapid tare of growth, especially during The I ast 
rwenty-fivc years. The first matt -made plastic was produced 
about a hundred years ago. tr was. made by Alexander Parses 
of Birmingham and he called lL ParVosi ite. It consisted of 
cellulose nitrate mixed Willi castor oil and a solvent. A few 
years lapqr an American csEtcd John Hyatt brought out an 
improved form of cellulose lllttarc plasticized with camphor. 
This plastic became known as celluloid. Neither ul these early 
plastics was completely synthetic. They were eh em ical modi- 
fications of cellulose, a polymer occurring naturally. As 
mentioned earlier, the first fully synthetic plastic {Hake is to) 
was made just over liny years ego. 

Until l^") 1 } the plastics industry remained fairly small. 
Thirty years ago the. an nu al production of all plastics in tins 
country was only about lO.lHXi tuns. Since the war, very many 
new plastics materials have been made arid many new uses 
ha^ e been tound for already established product -. Production 
of some of these has expanded very rapidly indeed, an d the 
malting of plastics has HOW become bi g business. 

Id Britain nearly 760,1100 tuns of plastics taw materials 
were produced in l%3, with 0 njtat value nf over £170 
million. 

Many oLber Countries have Nourishing plastics industries. 


TMrmosanjnfl pliwiics. 
j Cc.-i-|i>isfe Houldlna - A 
rwD-pwo? mould iLi litiiLsd win 
atci! 'I-, und lh& ’owor naif is 
filled wi th a pellet vl lbe 

ihwfflosetling rr aiding fiowdt 
Thi± psH-jt tc-iie aa. ifio ' inpi" 'uiir 
of lhs mould ia vDi'ioiesaed c-v 
lei Una lower, and ihr ;.:avuhi is 
tarred irdu flic WUlM StapF. 
CrOKdinkinQ OCCUri and 1tl6 

i- lUL lU O'- ‘ r rh n 

Finiphn.l adiOlB Tha phutesarwn 


r, h r. nl-oclrlcail equipment 
rtuda Of 9atrl;rn hiiinrj lilled 

Hen ■ carlprflSEilori mcuW 
Rf>r*!>ru a, frf 
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Lamina umi jj h tw£ii.<»&jinu 
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C Ititii-p matijriql can bn 
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| EnnuwivL 0f IjScR gt|H> In honrl 
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The United Kingdom is ar present fourth among the iraditsi’ 
producers, after the United Stales. VF«r Germany, and Japan. 
After tEikc ctunc Italy and France. This list do® nor include 
Russia., who started late in the making of piwtics butdaims 
to hate made nearly 600,000 ion? in 1963. 

Thc total world production of plastics materials in 1903 
was probably not far short uf ten million tuns. 

The fh' titri- i .■/ pieties — It seems fail ly certain that the rapid 
growth of the plasties industry will continue for many years 
tu cume , New plastics continue to be discovered and dew uses 
found for e\istin]t plastics. Tu snmc laree industries - agri- 
culture, mutur till manufacture, and building which already 
use a Urge tonnage of plasties - there me many uses TO which 
plas ties have yet W be adapted. One mutur til r may at present 
use Up [I 35 lb of plastics, a figure which could cert a Lilly he 
increased. 

It has been confidently predicted dun by 1 97U che prod nc- 
tioE nf plastics in Britain will reach well over one million tans 
a vear. By 1930 tills figure may well be doubled- A Russian 
scientist lias forecast that in about twenty years the produc- 
tion ol pksiks may surpass that of steel. 

Whatever may he the accuracy of these predictions h 
seem-s certain that mure and more applications of plastics will 
be found its scientists, technokigisis, mamrfactnrera, archi- 
tects and builders . and other interested people, explore 
further the nature and properties of these materials. The 
search will also continue for materials with improved proper- 
ties, which will stand up 10 the more testing requirements uf 
the exploration of apace ami of nudear power. 


Qs&ition S 

1. I 1st at least twenty ,1 rrjcle*. tn your house that are made 
from phislies materials. If you can, give che names ot rhe 
different material*. 

■> Outline some ofthe properties of polymers that diitinguish 
them from other substances, 

jr. Which plastic:. lUrttcrials would you cLu msc m make the 
foliawiLLg articles, and why? 
a Ourdonr pip mg for Carrying cnld water 

b. A mi Tima I 

c. An ashtray 

j A bottle that Citu he sterilized 
et_ Windows 

f, A squeeze boElie 

ij Jnsuhitittg material for a cold-storage room 
/r '. bottle for Containing poucenlraLed aCtd-. 
i. Cheap packaging miiEcriid 

4 . What wvn, Id you expect ro be the structure or polymers 
made from the folio win i* monusnefs : 
a Oxalic acid HOOCCDOHj and ethane- 1.J dtul 
(HOCit,CJl,OH) 

b. VinylnlWK chloride fCH a — .CCl,) 
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